ABSTRACT. A significant increase in the frequency of landslides in shallow soils on hillside slopes of southeastern Alaska following timber harvest by clearcutting has been observed. This phenomenon relates to the loss of root strength and evapotranspiration stress that follows the cutting of the trees. A method for evaluating the landslide risk is described in this paper. A hillside with a nearly uniform slope is represented by an infinite slope and the piezometric level required for shear failure is computed. A one-dimensional infiltration-seepage model is used to calculate the response of the piezometric level to rainfall. Weather data are used to calculate the probability of the piezometric level exceeding the value required for slope failure. Uncertainties in soil strength and slope angle may also be accounted for in the calculation of failure probability. (Fig. 1) . The probable occurrence of debris avalanches and its consequences are clearly important factors to be considered in the planning of logging operations.
FIGURE I
View of south-facing slope of Maybeso Valley, 1975 (light colored stripes are slide scars).
here also serve to illustrate the general approach of probabilistic risk evaluation and its application to forest management practice. This paper first summarizes the mechanism of the debris avalanche and the environmental factors that control slope stability. It then outlines procedures that may be used to evaluate risk of debris avalanches and assess potential damage or loss. Analysis of the slopes near Hollis is used as an example. The porewater pressure u is related to the elevation of the groundwater table.
MECHANISM
For seepage parallel to the ground surface ( 
A safety factor of one or less indicates that failure should occur and a safety factor larger than one indicates stability. Alternatively, the value of h which would cause failure (denoted by hs) can be calculated given the forces Ws, Wt, and slope (maximum a) that could be logged without causing failure? The value of a required for failure could be calculated from Equation (3) if the forces, soil properties, and piezometric head are known. However, all of these quantities can only be estimated and uncertainties are involved. The piezometric head h•, may be expected to fluctuate with rainfall and other seasonal effects and is difficult to predict• In the probabilistic approach, we estimate the probability that the piezometric head h•, will be equal to or exceed a given value during a specified time interval. For given slope angle a, soil properties, Ws, W,, and Fw, the probability that h will be equal to or greater than the calculated hs is also the probability of failure. In addition, if the area is large, the soil properties c' and qS' may vary over a considerable range as natural soils are nonhomogeneous. The slope angle a may also be expected to vary over a large area due to local topographic In order to analyze the fluctuations in the piezometric level and determine the effect of evapotranspiration and other factors we simplify the problem and consider only one-dimensional infiltration (Fig. 6) . Here H represents the thickness of the previous soil lying on top of an impervious base. Equation ( is the use of probability theory to assess risk. As an illustration, this approach is used to assess the risk of debris avalanches in the Maybeso Valley. We first simplify the problem by assuming that all the parameters except the porewater pressure are precisely known. Then the problem consists of estimating the probability that u will reach a level that will satisfy Equation (3). In order to compute porewater pressure, it is necessary first to obtain weather data for the period under consideration. We assume that the nature of precipitation in the future will remain the same as in the past. Then the rainfall record may be generated by Monte Carlo simulation. We first simulate the daily occurrence of rainfall and no rainfall as a Markov chain (Haan and others 1976 
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The weather for the first day was generated using the fractions of days with and without rain. The presence or absence of rainfall on the subsequent days was generated with the transition matrix, Equation (13). For a rainy day, the amount of rainfall was generated from the distribution of rainfall for the months of September, October, and November 1972-74. The onedimensional model, Equation ( 
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Probability of piezometric height (h) exceeding the height required for failure (hf).
determine the probability of the groundwater level h exceeding a given value at least once during the annual rain season of approximately 3 months, we should carry out the simulation for a large number of 3-month periods. Then the probability is the number of rain seasons in which the level is exceeded divided by the total number of rain seasons simulated.
Alternatively a simplified approach may be taken. We determine h, the number of times a given height h is exceeded per unit time interval from a simulated record such as Figure 7 . Figure 8 shows the relation between h and h. If we assume that the occurrences of peak groundwater level are independent of each other, then the probability that a given groundwater level h will occur at least once during a time interval t is given by the Poisson distribution
where hi = given value of h. For failure to occur, we should have h = hs. Hence, the probability of failure is Ps= P (h •> hz) = 1 -e -xt.
To calculate the failure probability, we consider t to be the period from 4 to 8 years after clearcutting, because, for the species in the Hollis area, the roots die after the tree is cut. Decay of roots progresses so that Se ---> 0 after about 4 years (Wu and others 1979). Significant regrowth is established about 8 years after logging. The rain season of September through November for 4 years constitutes about 300 days. The values calculated by Equation ( 
From Figure 9 , we see that the probability of this occurrence is about 0.75. 
